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0 Rotor of induction motor. 



0 A rotor of an induction motor comprising a rotary 
shaft (6), a cylindrical rotor core (7) fixedly secured 
on the rotary shaft, a conductive cover (8) fixed on 
the outer circumferential surface of the rotor core, 
^4 the conductive cover being formed of a composite 
^material of magnetic material (12) and electrically 
00 highly conductive material (13) to have a circum- 
ferential permeability smaller than a radial perme- 
00 ability, and a magnetic skin (9) made of a magnetic 
immaterial and provided on the outer circumferential 
^surface of the conductive cover (8), the magnetic 
skin having a circumferential permeability (a'e) and 
©an electrical conductivity (p*) which are set to be 
q_ larger than the circumferential permeability (u$) and 
UJan electrical resistivity (p) of the conductive cover, 
respectively, whereby a loss due to a spatial higher 
harmonics magnetic flux of higher ord r generated 



by a pulsating magnetic flux <* s ) at slots in a stator 
(1 ) of induction motor can be prevented. 
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ROTOR OF INDUCTION MOTOR 



This invention relates to a rotor of an induction 
motor having no winding slots in its outer circum- 
ferential surface. 

In recent years, as this type of rotor of an 
induction motor, a rotor has been proposed in 
which on the outer circumferential surface of a 
rotor core, a conductive cover is provided which is 
made of a complex material of magnetic and e ec- 
trically conductive materials, thereby ensuring that 
vibration-en* noise «ca» be reduced, and electrical ^ 
characteristics such as torque characteristics can 
be improved (See United States Patent No. 
4,409,506. for example). 

In the known rotor of an induction motor, how- 
ever a loss due to spatial higher harmonics mag- 
netic flux of higher order generated by a pulsating 
magnetic flux at stator slots was not taken into 
consideration. More particularly, the magnetic force 
is intensified at teeth but weakened at slots of the 
■ core of the stator and as a result eddy currents are 
generated in the circumferential surface of the ro- 
tor giving rise to torque loss and heat loss. 

' An object of this invention is to provide a rotor 
of an induction motor capable of reducing the loss 
due to spatial higher harmonics magnetic flux of 

higher order. 

To accomplish the above object, according to 
the invention, a magnetic skin is provided on the 
outer circumferential surface of a conductive cover 
and the circumferential permeability and electrical 
resistivity of the magnetic skin are made larger 
than those of the conductive cover. 

With the rotor of an induction motor construct- 
ed as above in accordance with the invention, the 
magnetic skin can pass the spatial higher har- 
monics magnetic flux of higher order to reduce the 
loss without impairing the effects of improving elec- 
trical characteristics thanks to the conductive cover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view, partly ex- 
ploded, of a rotor of an induction motor according 
to an embodiment of the invention. 

Figure 2 is an enlarged perspective view 
illustrating a part A shown in Fig. 1. 

Figure 3 is a side view showing an induction 
motor to which the rotor of the invention is applied, 
with the upper half of the induction motor sectioned 

longitudinally. . " 

Figure 4 is a diagram showing a model illus- 
trative of flows of magnetic flux within the rotor in 
accordance with the invention. 



Figure 5 is a graph showing the relation 
between efficiency of the induction motor and per- 
meability. 

Figure 6 is a fragmentary enlarged sectional 
s view showing a rotor according to another embodi- 
ment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The invention will now be described by way of 
example with reference to the accompanying draw- 

m9S The overall' construction of a rotor embodying 
the invention will first be described by refemng to 
Figs. 1. 2 and 3. 

A stator 1 comprises a stator frame 3. a stator 
core 4 formed with a great number of slots, and a 
stator winding 5 fixedly received in the slots. A 
rotor 2 is of a cylindrical three-layer structure com- 
prised of a cylindrical rotor core 7 surrounding a 
rotor shaft 6 and a cylindrical conductive cover 8 
and a cylindrical magnetic skin 9 which sequen- 
tially overlie the rotor core 7. The rotor 2 is sup- 
ported on the stator frame 3 through beanngs 10. 
For cooling, a fan 1 1 is provided. 

Members constituting the rotor 2 are construct- 
ed as will be described below by particularly mak- 
ing reference to Fig. 2. The rotor core 7 is made of 
laminated iron sheets. The conductive cover 8 has 
a great number of magnetic thin wires 12 made of 
a magnetic material such as iron which are dis- 
posed over the entire outer circumferential surface 
of the rotor core 7 so as to be directed in radial 
directions r and an electrically highly conductive 
and non-magnetic material 13 such as copper or 
aluminum which is filled in gaps among the mag- 
netic thin wires 12 to provide an integral structure. 
For realization of the integral structure, casting or 
thermal shrinking may exemplarily be employed. 
The conductive cover 8 is snugly fitted on the rotor 
core 7 through, for example, shrinkage fit and the 
rotor core 7 is fixed to the rotor shaft 6. The 
magnetic skin 9 is formed by flame-coating mag- 
netic powder of a high-permeability material or 
example. Fe-Si-A. alloy (sendust) or Fe-Ni alloy 
toermalloy) on the outer circumferential surface of 
It conductive cover 8. The flame coafng process 
Eludes gas flame coating, arc flame coating, plas- 
ma flame coating and explosion flame coating 

The respective members constructed as above 
have electromagnetic properties as will be de- 
scribed below. Since the rotor core 7 is made of 
the iron sheets laminated in axial direction z. the 



4 



2 



3 



0 265 868 



4 



magnetic flux is easy to pass in circumferential and 
radial directions 0 and rbut difficult to pass in the 
axial direction z. Since the conductive cover 8 has 
magnetic thin wires 12 directed in the radial direc- 
tions r. permeability u r in the radial direction r is 
related in magnitude to permeability u$ in the 
circumferential direction d by u r > u>$. Because of 
the electrically highly conductive filler 13, the con- 
ductive cover 8 has electrical resistivity p which is 
small in the circumferential and axiaJ directions e 
and z and besides closed current circuits are set 
up everywhere in the electrically highly conductive 
material 13. The magnetic skin 9 is made from, for 
example, sendust and hence has a permeability u' r 
in the radial direction r and a permeability m'q in 
the circumferential direction B which are larger than 
those of the conductive cover 8 as well as a 
relatively large electrical resistivity p. Further, the 
magnetic skin 9 formed through flame coating pro- 
cess has a very small thickness t. 

With the electromagnetic properties of the re- 
spective members described above in mind, elec- 
trical performance of the rotor will be explained by 
referring to Fig. 4 in which a model of the rotor is 
illustrated in crosssectional form to show flows of 
magnetic flux. As an example, a four-pole induction 
motor is taken herein. 

A main magnetic flux 4>u starting from one of 
paired magnetic poles (not shown) penetrates 
through the magnetic skin 9 and conductive cover 
8 to reach the stator core 7 and returns to a 
position on the outer circumference at which the 
other of paired magnetic poles is located. The 
conductive cover 8 is a torque generating portion 
and as well known in the art, excellent torque 
characteristics can be obtained by making the con- 
ductive cover 8 have a relative permeability of 100 
or more in the radial direction r and a relative 
permeability of 10 or less in the circumferential 
direction fl. The rotor core 7 is used as a circum- 
ferential ($) path for the main flux <*> M . 

Now considering a pulsating magnetic flux $ s at 
the slots in the stator, this flux <p s is due to the 
slots which are formed in the stator core 4 to 
receive the stator winding 5. More specifically, re- 
luctance between each slot in the core 4 of the 
stator 1 and the rotor 2 differs from reluctance 
between each tooth of the stator and the rotor, 
resulting in the occurrence of the pulsating mag- 
netic flux <*> s which is a spatial higher harmonics 
magnetic flux fluctuating at a period corresponding 
to a pitch between adjacent slots in the stator. As 
shown in Fig. 4, the pulsating flux <#> s at the slots in 
the stator comes into the rotating rotor 2 at inter- 
vals of a short pitch and takes the form of a high 
frequency pulsating flux which flows through the 
magnetic skin 9 acting as a path therefor. Since the 
magnetic skin 9 has the large permeability u'e in 



the circumferential direction 8 and the high elec- 
trical resistivity, the loss due to the pulsating flux 
osgenerated at the slots in the stator can be mini- 
mized and a high-performance induction motor 

5 having a small loss can therefore be materialized. 

Electromagnetic properties of the magnetic 
skin 9 will now be described in greater detail with 
reference to Fig. 4. It is necessary that the mag- 
netic skin 9 be designed in consideration of prop- 

70 erties of the conductive cover 8 because the func- 
tion of the conductive cover 8 which generates 
torque should not be impaired seriously by a fun- 
damental magnetic flux. 

Accordingly, in the first place, the thickness t of 

75 the magnetic skin 9 is desired to be very smaller 
than that of the conductive cover 8. The permeabil- 
ity u'rin the radial direction r is preferably selected 
to be substantially equal to the permeability u r of 
the conductive cover 8 in order to facilitate the 

20 main magnetic flux 4> M to pass but the former 
permeability may be made smaller than the latter 
without causing critical problems when the thick- 
ness t of the magnetic skin 9 is very small. Impor- 
tantly, the permeability u'$ in the circumferential 

25 direction e of the magnetic skin 9 is how ver 
critical. 

While a smaJI circumferential permeability u$oi 
the conductive cover 8 is necessary condition for 
generating a large level of torque, the circumferen- 

30 tial permeability v.'$ of the magnetic skin 9 must be 
set to be larger than the circumferential permeabil- 
ity VL0 of the conductive cover 8 in order that the 
magnetic skin 9 can efficiently act as a circum- 
ferential magnetic path for the pulsating flux $ s at 

35 the slots in the stator. In addition, while the elec- 
trical resistivity p of the conductive cover 8 is made 
small to generate large torque, the electrical re- 
sistivity p of the magnetic skin 9 must be set to be 
larger than the electrical resistivity p of the conduc- 

40 tive cover 8 in order to suppress eddy currents 
generated by the pulsating flux $ s at the slots in 
the stator. 

During the rated operation, the fundamental 
flux is of a very low frequency which corresponds 

45 to a slip frequency of the motor but contrarily the 
pulsating flux $ s at the slots in the stator pulsates 
at a high frequency which is usually determined by 
the number of slots in the stator and the rotation 
speed. The pulsating flux $s at the slots penetrates 

so into the outer circumferential surface of the rotor by 
a penetrating depth 5 whic h is indica ted by the 

following equation: 5= v2p7(u'ecj) (1) 

where w represents an angular frequency of the 
pulsating flux <#> s at the slots. Accordingly, the 

55 thickness t of the magnetic skin 9 is preferably 
selected to be substantially equal to or slightly 
larger than the depth 5. 
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To further describe the circumferential perme- 
ability u'e of the magnetic skin 9, when the u'eis 
increased, the 5 indicated by equation (1) de- 
creases, so that an equivalent reluctance of the 
magnetic skin 9 against the pulsating flux <*> s at the 
stator slots can be increased to decrease the gen- 
erated loss. Under this condition, an equivalent 
circumferential reluctance of the magnetic skin 9 
against the fundamental flux <f> M is contrarily de- 
creased, with the result that a leakage component 
passing through the magnetic skin 9 is increased to 
decrease a component penetrating into the conduc- 
tive cover 8. This decreases the generated torque. 
Conversely, when the u'e is decreased, the fun- 
damental flux can sufficiently penetrate into the 
conductive cover 8 to generate large torque but the 
equivalent reluctance against the pulsating flux <f> s at 
the stator slots, on the other hand, is decreased to 
increase the loss. 

Exemplarily, the above phenomenon was ex- 
amined in an induction motor of one horsepower to 
obtain results as graphically illustrated in Rg. 5. 
This figure clearly indicates that the maximum effi- 
ciency can be obtained near a point at which the 
circumferential permeability u'e of the magnetic 
skin 9 almost equals the radial permeability u r of 
the conductive cover 8 and that the efficiency is 
degraded as the circumferential permeability u'e of 
the magnetic skin 9 changes to exceed or not to 
exceed that point. Preferably, the circumferential 
permeability u'e of the magnetic skin 9 is therefore 
selected to be substantially equal to the radial 
permeability u r of the conductive cover 8. In the 
present embodiment, the proper value of the cir- 
cumferential permeability u'e of the magnetic skin 
9 can be determined by choosing the kind of iron 
powder used for flame coating. For example, FeaOa 
type magnetic material (ferrite) may be used sat- 
isfactorily. 

In flame-coating magnetic powder, the follow- 
ing points should be taken into consideration. Pref- 
erably, in advance of carrying out the flame coating 
to form the magnetic skin 9. the outer circumferen- 
tial surface of the conductive cover 8 is finely 
roughened through, for example, mechanical pro- 
cess. Knurling of the conductive cover 8, for exam- 
ple, is effective to roughen its outer surface. If the 
magnetic thin wires 12 are pre-processed to slight- 
ly project from the electrically highly conductive 
filler 13 to thereby contour the outer circumferential 
surface of the conductive cover 8 as illustrated in 
Rg. 6, the flame coating can be facilitated without 
resort to the roughening process. 



While in the foregoing embodiment the mag- 
netic skin 9 has been described as being formed 
by flame coating, the present invention is not limit- 
ed thereto and the magnetic skin 9 may preceden- 
5 tly be formed as a cylindrical member and this 
cylindrical magnetic skin member may then be 
fitted on the cylindrical conductive cover 8. 

In forming the magnetic skin 9 by flame coat- 
ing, the flame coating process may proceed to 
to temporarily provide a thickness which is la«ger than 
a desired (eventual) thickness and thereafter the 
temporarily formed thickness may be cut out until 
the desired value. In this manner, the gap betwe n 
rotor and stator can be so controlled as to be 
T5 minimized with high accuracy. 

in addition to the flame coating of magnetic 
powder, vapor deposition of magnetic powder or 
coating of resin mixed with magnetic powder may 
be employed for the formation of a magnetic skin 
20 which is comparable to the magnetic skin of the 

previous embodiment m 

Other advantages brought about by the provi- 
sion of the magnetic skin 9 will be described here- 
in. Where the conductive cover 8 is formed of a 
25 great number of magnetic thin wires 12 and th 
electrically highly conductive material 13 filled in 
gaps among the thin wires 12. the diameter of each 
magnetic thin wire 12 and the number of the mag- 
netic thin wires involved have relation to the spatial 
30 higher harmonics magnetic flux. Specifically, it is 
desirable that the diameter of each magnetic thin 
wire 12 be made as smalt as possible and the 
number of the thin wires be increased. Actually, 
however, individual magnetic thin wires have an 
as appreciable diameter and hence the spatial mag- 
netic flux contains a higher harmonics component 
due to a distribution of the magnetic thin wires. 
Under the circumstances, the magnetic skin can 
advantageously afford to uniform magnetic prop- 
40 erties of the rotor outer circumferential surface as 
viewed from the stator/rotor gap and consequently 
suppress the higher harmonics component of spa- 
tial flux due to the distribution of the magnetic thin 
wires constituting the conductive cover. Since, as 
45 well known in the art. the spatial higher harmonics 
magnetic flux causes noise and vibration, the provi- 
sion of the magnetic skin is successful in suppress- 
ing the occurrence of noise and vibration and pro- 
viding a high-performance induction motor, 
so Further, the conductive cover 8 is made of a 
composite material of magnetic thin wires 12 and 
electrically highly conductive filler 13 and its cir- 
cumferential surface is difficult to machine uni- 
formly, leaving behind slight unevenness in the 
55 surface and slight eccentricity which are prone to 
possible occurrence of noise and vibration in tne 
motor. Under the circumstances, the conductive 
cover 8 can be surrounded by the magnetic skin 9. 
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formed by flame-coating magnetic powder in ac- 
cordance with the previous embodiment, which is 
easy to work so as to provide a uniform outer 
circumferential surface, thus materializing an induc- 
tion motor of high dimensional accuracy and less 
noise and vibration. 

As described above, according to the invention, 
the magnetic skin is provided on the outer circum- 
ferential surface of the conductive cover, and the 
circumferential permeability and electrical resistiv- 
ity of the magnetic skin are made larger than those 
of the conductive cover and at the same time the 
radial thickness of the magnetic skin is made 
smaller than that of the conductive cover, whereby 
the spatial higher harmonics magnetic flux of high- 
er order attributable to the pulsating magnetic flux 
at slots in the stator can be permitted to pass 
through the magnetic skin to thereby reduce a loss 
due to passage of the spatial higher harmonics 
magnetic flux through the conductive cover without 
impairing the effects of improving electrical char- 
acteristics attained by the conductive cover. 



Claims 

1. A rotor of an induction motor characterized 

by 

a rotary shaft (6); 

a cylindrical rotor core (7) fixedly secured on 
said rotary shaft; 

a conductive cover (8) fixed on the outer 
circumferential surface of said rotor core, and 

a magnetic skin (9) made of a magnetic 
material and provided on the outer circumferential 
surface of said conductive cover (8), said magnetic 
skin having a circumferential permeability (u's) and 
an electrical resistivity (pi which are set to be 
larger than the circumferential permeability (U'8) 
and an electrical resistivity (p) of said conductive 
cover, respectively. 

2. An induction motor rotor according to Claim 

1 . wherein said conductive cover (8) is formed of a 
composite material of magnetic material (12) and 
electrically highly conductive material (13) to have 
a circumferential permeability smaller than a radial 
permeability. 

3. An induction motor rotor according to Claim 

2, wherein the magnetic skin (9) has a radial thick- 
ness (t) which is set to be substantially equal to a 
penetrating depth (5) of a pulsating magnetic flux 
(<>s) generated at slots in a stator (1) of the induc- 
tion motor. 

4. An induction motor rotor according to Claim 
2, wherein the magnetic skin (9) has a radial thick- 
ness (t) which is set to be slightly larger than a 



penetrating depth (5) of a pulsating magnetic flux 
(o s ) generated at slots in a stator (1) of the induc- 
tion motor. 

5. An induction motor rotor according to Claim 
5 1, wherein said conductive cover is comprised of a 

plurality of radially extending magnetic thin wires 

(12) and an electrically highly conductive material 

(13) filled in gaps among said magnetic thin wires; 
and 

70 said magnetic skin (9) is made of a magnetic 

material and formed on the outer circumfer ntial 
surface of said conductive cover (8) to have a 
thickness which is originally larger than a desired 
thickness (t) and thereafter cut out to the desired 

75 thickness. 

6. An induction motor rotor according to claim 
1 or 2. wherein said magnetic skin is formed as a 
cylindrical magnetic skin member (9) made of a 
magnetic material and covering the outer circum- 

20 ferential surface of said conductive cover (8). 

7. An induction motor rotor according to any of 
Claims t to 5, wherein said magnetic skin (9) is 
formed by flame-coating magnetic powder on the 
outer circumferential surface of said conductive 

25 cover (8). 

8. An induction motor rotor according to any of 
Claims 1 to 6, wherein said magnetic skin (9) is 
made from Fe-Si-A! alloy, or from Fe-Ni alloy. 

9. An induction motor rotor according to any of 
30 Claims 1 to 8, wherein the circumferential per- 
meability (u'0) of said magnetic skin (9) is substan- 
tially equal to the radial permeability (u r ) of said 
conductive cover (8). 

10. An induction motor rotor according to any 
35 of Claims 1 to 5, wherein the outer circumferential 

surface of said conductive cover (8) is roughened 
or knurled. 
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© A rotor of an induction motor comprising a rotary 
shaft (6), a cylindrical rotor core (7) fixedly secured 
on the rotary shaft, a conductive cover (8) fixed on 
the outer circumferential surface of the rotor core, 
the conductive cover being formed of a composite 
material of magnetic material (12) and electrically 
highly conductive material (13) to have a circum- 
ferential permeability smaller than a radial perme- 
ability, and a magnetic skin (9) made of a magnetic 
material and provided on the outer circumferential 
surface of the conductive cover (8), the magnetic 
skin having a circumferential permeability (u'e) and 
an electrical conductivity (pT which are set to be 
larger than the circumferential permeability (He) and 
an electrical resistivity (p) of the conductive cover, 
respectively, whereby a loss due to a spatial higher 



harmonics magnetic fiux of higher order generated 
by a pulsating magnetic flux (<f> s ) at slots in a stator 
(1) of induction motor can be prevented. 

FIG. 4 
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